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Methods. are now available for using gene frequency data to determine the
probable evolutionary histories of populations. The methods are based on the work
of CAVALLI-SFORZA AND EDWARDS (1967) and assume that gene frequencies vary
randomly through time and that no hybridization has occurred in the populations
studied. However, the methods are rather robust and meaningful results occur
using data that do not completely fit those original assumptions (KIDD, 1971).
Immunogenetic data (including biochemical polymorphisms) on cattle breeds are
ideal for such studies, because this material more closely conforms to the
assumptions than do data on man.
Each population to be studied is characterized by its gene frequencies. All
populations must have comparable data on all loci. This restriction limits the data
available for comparisons among breeds typed by different laboratories, especially
for the newer systems. This is a major problem at present since the accuracy of
these analyses is largely a function of the number of loci used. The formulae for
calculating genetic distances from gene frequency data and the two different
methods we use to evaluate evolutionary trees on the basis of genetic distances are
given elsewhere (KIDD, 1971).
One study (KIDD, 1969) has used data on 6 loci to study 16 cattle breeds. Here
we present results involving 8 cattle breeds using 14 loci (9 blood group,
hemoglobin transferrin, and three allotype loci). These data were all collected in
the Immunogenetics Laboratory at the University of Wisconsin specifically for this
study. Some of the gene frequencies used here have already been published (KIDD,
1969). Figure 1 shows the two best trees obtained using two different distance
transformations. Figure 2 shows the two best trees obtained according to two
different methods of analysis.
In each case, our methods do not allow us to state absolutely which of the two
trees is correct, by our statistics they are not significantly different. Therefore, we
base our conclusions on comparison. In Fig. 1 the relationships among the
Icelandic, Brown Swiss, Longhorn, and Charolais are consistent and indicate that
Icelandic (and hence Norwegian) cattle probably share a common origin distinct
from that of the other two breeds. However, because of the short lengths of the
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FIG. 1. The two best trees for seven populations. In this polar plot the specific arrangement of the trees
and position of the origin are arbitrary. The actual length of a segment is its radial length. These two
trees were the best by least squares analysis on both A and G distances. The differences between the
trees indicate the relationship most indecisive. Each breed is also identified by its computer code
number. The data used here can be found elsewhere (Kidd, 1969)

FIG. 2. The two best trees for seven populations. Unpublished data on Red Angus was added to the data
used in Fig. 1. These trees are the best two by both least squares and minimum path analyses of A
distances. See Fig. 1 for a general description of these trees. The statistical distributions for this data
are described elsewhere (Kidd, 1969)
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internal segments between, the two groups, the relationships must be considered
tentative. The relationships of Hereford, Black Angus, and Holstein are definitely
ambiguous. The most definitive relationship is the clear separation of these latter
three breeds from the four former ones.
Figure 2 shows a consistent close relationship between Red and Black Angus.
Indeed, had it not been so we could not consider any of the relationships valid. The
addition of Red Angus cattle also clarifies the relationships with Hereford and
Holstein: now it seems more likely that the breeds from Great Britain are more
closely related. The relationship of Icelandic cattle to Brown Swiss and Longhorn
is however now ambiguous. The main division shown in Fig. 1 remains clear in
this analysis as well. In both figures the extreme length of the Hereford segment
probably results from the greater inbreeding and hence higher genetic drift in this
breed. Conversely, the short length of the Holstein segment may reflect a smaller
amount of drift in this population.
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DISCUSSION
G. C. ASHTON: Is it true that this approach is completely stochastic, and that no provision is
made for differential selection at any of these loci?
K. K. KIDD: The methods are based on the assumption that the differences among populations
are stochastic; however, differential selective forces may be stochastic. It is true that any
differential selective forces that are not stochastic cannot yet be considered and, if present,
would distort the results.
J. BOUW: Breeds cannot be compared on the basis of gene frequencies when the sampling
methods are not comparable.
K. K. KIDD: The variance of the gene frequency estimates is a function of the method of
sampling. However, even small samples containing animals of various relationships give an
unbiassed estimate of the gene frequencies of the population. Another related problem is the
degree to which the population sampled represents the breed as a whole. Since large breeds
are not generally panmictic, an estimate based on one subsection may not seem likely to
represent the whole breed. However, here too such a gene frequency estimate is an
unbiassed estimate for the whole breed. Any unbiassed gene frequency estimates can be
used for these analyses. Of course, the variance of the comparisons increases as the
variances of the gene frequency estimates increases.
D. R. OSTERHOFF: You are using 6 loci only, what would happen if you add another 6 loci in
these calculations?
K. K. KIDD: The results to be published in these proceedings are based on 14 loci. Comparison
of these relationships with those based on 6 loci shows some inconsistencies. These studies
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should be based on as many loci as possible and I prefer the 14 loci results to the 6 loci
results. I feel that 6 is too few for great reliability. That is why I am pleasantly surprised that
those results were in such close agreement with most of the expected relationships.
N. P. WILKINS: How many loci are required in a species of fish in order to process, data obtained
at sea in a research vessel computer using this method?
K.. K. KIDD: As tar as I know, these methods can be applied to any species to determine the
relationships among populations. The exact number of polymorphic loci required is still an
unanswered question, but possibly fewer than 10 will give a high probability of
reconstructing the correct tree. I doubt if a small computer could handle this type of analysis
if more than 6 populations were being considered.

